Background
Introduction
Early gastric cancer (EGC) is a gastric cancer in which the lesion is confined to the mucosa and submucosa, regardless of the tumor size or the status of lymph node metastasis (LNM) [1] . Compared with advanced gastric cancer (AGC), EGC patients have a better post-operation prognosis, with an overall survival rate as high as 90% [1] . EGC treatment consists of endoscopic mucosal resection (EMR) or endoscopic sub-mucosal dissection (ESD) and gastrectomy plus D1 or D2 lymphadenectomy through laparoscopic or open operation [2] [3] [4] . As reported in previous studies, LNM rarely occurs in intramucosal gastric cancers (usually in less than 6% of such cases). However, when the tumor invades into the sub-mucosa layer of the stomach wall in which lymphatic vessels are abundant, the rate of LNM increases significantly to above 10% [5] and the prognosis is relatively poor (Figs 1 and 2 ). Moreover, in some large-scale studies performed in Japan and Korea, the overall survival rate of lymph node-positive EGC fell to 70%-80%, and the relapse rate rose to 8% [6] [7] [8] . The use of radical surgery depends on the status of LNM. Thus, it is essential to summarize the clinicopathological characteristics of EGC patients to find the risk factors for LNM and to indicate an effective treatment for EGC patients.
China has a relatively high incidence of gastric cancer, but there are not sufficient data about ECG, due to delayed diagnoses. The present study involved a relatively large number of EGC patients and retrospectively investigated the relationship between the clinicopathologic factors of these EGC patients and LNM. We are looking forward to demonstrating the risk factors for LNM in EGC patients and choosing the optimal operation method (with or without lymphadenectomy) based on these factors.
Methods

Ethics statement
This research was approved by the Ethics Committee of the Sun Yat-sen University Cancer Center, and written informed consent was obtained from each patient involved in the study.
Patients
From January 2000 to December 2011, clinicopathological data from 2,264 gastric cancer patients who were treated at Sun Yat-sen University Cancer Center were retrospectively analyzed. All 2,264 cases were diagnosed by routine pathological examination,. Two hundred eight (9.18%) of these cases were diagnosed as T1 gastric cancer (GC). Of the T1 patients, 3 cases (1.44% of the total) were excluded as a result of distant metastasis (2 liver metastasis and 1 peritoneal nodule). In all, 205 EGC patients who met the following eligibility criteria were involved in the present study: (1) diagnosis of early gastric cancer (i.e., T1a or T1b, N0-3, M0) identified by histopathological examination according to the 7th edition of the International Union Against Cancer (UICC) Tumor-Node-Metastasis (TNM) staging system; (2) surgical history that included gastrectomy plus lymphadenectomy (D1 or D2); (3) availability of complete follow-up data (follow-up visits ended on December 31st, 2012, and the survival period was calculated from the date of surgery to the end of the follow-up or the date of death due to relapse or metastasis); (4) no preoperative treatment, such as chemotherapy or radiotherapy; (5) no history of familial malignancy or other synchronous malignancy (such as GIST, esophageal cancer, or colorectal cancer); (6) no recurrent gastric cancer or remnant gastric cancer; and (7) no death in the perioperative period. Tumor resection and lymphadenectomy were performed by experienced surgeons, and the surgical procedures, which followed the Japanese Gastric Cancer Association (JGCA) guidelines, were similar in all patients who underwent radical resections.
The median age was 54±13 years (range 18-86). There were 130 males and 75 females (male:female = 1.733); the median male age was 54±12 years, and the median female age was 54±14 years.
Statistical analysis
Statistical analysis was performed using the SPSS 13.0 statistical software. The measured data were denoted as the mean standard deviation (SD) and verified using t-tests. The numerical data were analyzed using Pearson's Chi-square and Fisher's exact probability tests. All 205 EGC cases were included in the Chi-square test and logistic regression analysis to investigate the relationship between clinicopathological parameters and LNM. Moreover, the survival data were analyzed using Kaplan-Meier and multiple Cox regression analysis. The survival curves were drawn, and the differences were verified using Log-rank tests. The differences were considered significant at P <0.05.
Results
Surgery and lymph node dissection
One hundred seventy-one patients underwent distal gastrectomy. Eighteen patients underwent total gastrectomy, and 16 underwent proximal gastrectomy. Lymph node dissections were D2 in 181 cases, and they were D1 in the remaining 24 cases. The overall survival rates in the D2 and D1 groups were not significantly different (P = 0.479). A total of 4,499 lymph nodes were resected, and 145 were found to be positive for cancer. Stratified analysis showed that the overall survival rate in patients with at most 15 resected lymph nodes was similar to that in patients with more than 15 resected lymph nodes (P = 0.360).
Pathological findings
Post-operative pathological examination identified 97 (47.3%) cases of intra-mucosal cancer and 108 (52.7%) cases of sub-mucosal cancer. LNM occurred in 52 (25.37%) cases, with 35 (17.07%) cases staged as N1, 11 (5.37%) cases as N2 and 6 (2.93%) cases as N3. Additionally, we found 18 LNM cases occurred in intramucosal cancers (13 N1, 4 N2 and 1 N3), while 34 occurred in submucosal cancers (22 N1, 7 N2 and 5 N3). There were 8 (3.90%) cases of lymphatic vessel invasion and 2 (0.98%) cases of blood vessel invasion. Regarding the tumor position, 141 (68.78%) tumors were located in the gastric antrum, 39 (19.02%) in the gastric body and 25 (12.20%) in the gastric fundus or cardia. Seventy-eight (37.05%) cases had tumors larger than 3 cm, while 127 (61.95%) cases had tumors smaller than 3 cm in diameter. Of the latter, two cases were diagnosed as one-point cancer, and no micro-focus less than 0.5 cm in diameter was found. According to histological classification, there were 66 well-differentiated (12 cases) and mid-differentiated adenocarcinoma (54 cases), while the remaining 139 samples were diagnosed as poorly-differentiated adenocarcinomas (98 cases) or signet ring cell carcinoma (41 cases). According to the standards of the Japanese Society of Gastrointestinal Endoscopy (1962) and the Japanese Association of Gastric Cancer (1998), the general shapes could be classified into three types: 9 (4.39%) cases of the protruded type (Type I), 66 (32.20%) cases of the flat type and 130 (63.41%) cases of the excavated type (Type III). The flat type included 3 (4.54% of all Type II) cases of the elevated type (Type IIa), 30 (45.45%) cases of the superficial flat-type (Type IIb), and 33 (50%) cases of the superficial excavated type (Type IIc).
Relationship between clinicopathological parameters and LNM
EGC is most frequently observed in patients aged between 41 and 60 years of age. The median age of the LNM-positive group was 52±13 years; no significant difference in age was observed in the LNM-negative group (P = 0.242, t-test). The incidence of LNM correlated significantly with gender (P = 0.046), tumor size (P = 0.017), depth of tumor infiltration (T1a or T1b, P = 0.034), tumor cell differentiation (P = 0.001) and lymphatic or blood vessel invasion (P = 0.003), but it was not correlated with age, tumor location, pre-operative status of CEA, CA724 and CA199, or general shape (Table 1) . Logistic regression analysis demonstrated that tumor cell differentiation (P = 0.002) and the depth of tumor infiltration (P = 0.004) were the most important factors associated with EGC lymph node metastasis, followed by vessel invasion (P = 0.012), tumor size (P = 0.020) and gender (P = 0.022), listed in order of priority (Table 2) .
Relationship between clinicopathological parameters and EGC prognosis
The overall survival rate was 90.2%. Kaplan-Meier survival analysis showed that overall survival was significantly correlated with LNM (P = 0.001) or N staging (P<0.001) and invasions of lymphatic or blood vessels (P = 0.010), but it was not correlated with age, gender, tumor size, tumor location, depth of tumor infiltration, tumor cell differentiation or general shape. As with treatment, the overall survival of these patients showed no obvious relationship with the scope of gastric resection (P = 0.856), D1 or D2 operation (P = 0.353) or the number of lymphadenectomies (<15 or 15, P = 0.269). Moreover, multiple Cox regression analysis identified that only N staging (P = 0.001) could serve as an independent prognostic predictor in the EGC patients (Table 3) . The overall survival rates of the LNM-negative and LNM-positive groups were 94.1% and 78.8%, respectively (P = 0.001, Log-rank test); the average overall survival time was 144.142 and 113.876 months, respectively. Kaplan-Meier plots are shown in Figs 3, 4, 5 and 6.
Discussion
Gastric cancer (GC) is a common malignant tumor worldwide. With an estimated number of one million new cases every year, GC ranks as the fourth most common cancer [9] . EGC, defined as an intra-and sub-mucosa tumor with or without LNM, has a relatively higher overall survival rate (more than 90%) than advanced gastric cancer (ACG) [1] . Adachi et al reported in their review [4] that LNM occurred more frequently in sub-mucosa GC than in intramucosa GC (15% VS 3%). Moreover, they demonstrated the prognostic value of LNM in EGC patients. In recent decades, many post-operation survival analyses on EGC showed that intramucosal cancer without LNM could be cured by endoscopic mucosal resection (EMR), while other EGC patients required gastrectomy with D1 or D2 lymphadenectomy [7, 10] . These data suggested that in clinical practice, accurate pre-operation assessments of EGC patients (mainly the depth of tumor infiltration and LNM) were critical in choosing optimal treatments. Therefore, the present study aimed to find an effective method to predict the existence of LNM in EGC patients to support new evidence to indicate the best treatment. We retrospectively analyzed clinicopathological data from 205 EGC patients who underwent surgical resection at Sun Yat-sen University Cancer Center from January 2000 to December 2011. The main complaints of these patients included upper abdominal pain (75.12%), bloating (21.95), acid reflux (11.22%) and belching (7.32%). According to our data, most gastric cancer patients have a delayed diagnosis, as a result of lack of general gastroscopy survey. The tumor invaded deeper or progressed into AGC without obvious clinical manifestations. Therefore, sub-mucosa cancer accounts for a larger part of EGC in our center (108/205) than it does in Japan and Korea [11] [12] .
Our results showed that LNM occurred in 52 of the 205 EGC cases (25.37%). Of these 52, 18 were found in the 97 T1a cases (18.56%), and 34 were found in the 108 T1b cases (31.48%). These occurrences are significantly higher than the 10% lymph node positivity ratio, which was reported by Saka et al [13] based on an analysis of 2,368 EGC cases recorded in the Japan National Cancer Center. We can hypothesize that EGC in China has its own features, such as deeper tumor invasion and more LNM. Then, we further analyzed the correlation between LNM and the clinicopathological factors of these patients and found that gender (P = 0.046), tumor size (P = 0.017), depth of tumor infiltration (T1a or T1b, P = 0.034), tumor cell differentiation (P = 0.001) and lymphatic or blood vessel invasion (P = 0.003) correlated with LNM. Moreover, a logistic regression analysis demonstrated that tumor cell differentiation (P = 0.002) and depth of tumor infiltration (P = 0.004) were the most important factors associated with EGC lymph node metastasis, followed by vessel invasion (P = 0.012), tumor size (P = 0.020) and gender (P = 0.022). Female EGC patients suffered a higher LNM ratio than the male EGC patients did (33.33% vs. 20.77%); LNM was more likely to correlate with large tumors. Additionally, 21 of the 41 cases with tumors larger than 4 cm were positive for LNM (47.73%), while only 1 of the 13 cases with tumors smaller than 1 cm was positive for LNM. As with tumor differentiation, 13 of the 34 (38.24%) signet ring cell cancers were positive for LNM. Similar to our study, most previous studies [14] [15] [16] concluded that the depth of tumor infiltration, or T1a/T1b, is the most important factor correlated with LNM. Our data were consistent with that conclusion, and we further discovered that there were 13 N1 cases, 4 N2 cases and only 1 N3 case of T1a, while there were 22 N1, 7 N2 and 5 N3 cases of T1b. These data indicated that the depth of tumor invasion was correlated not only with the incidence rate of LNM but also with the degree or number of metastatic lymph nodes. However, LNM incidence showed no significant differences in terms of age, tumor location, general shape or the preoperative statuses of CEA, CA199 and CA724. In all, poorly differentiated cells, the tumor invading into the sub-mucosa layer, tumor size larger than 3 cm, vessel invasion and being female were the risk factors of LNM, listed in order of priority. Four of these risk factors (excluding vessel invasion) are detectable and can be used to predict LNM. According to our results, EGC patients with only one risk factor had a 31.5-34.6% incidence rate of LNM, patients with two risk factors had a 38.9-47.1% rate, patients with three risk factors had a 53.8-66.7% rate and patients with all four risk factors had a more than 80% incidence rate of LNM. Interestingly, in this study, 15 patients had no risk factor (including vessel invasion), and 6 patients had all four risk factors. None of the 15 risk-free patients had LNM, while all 6 highest risk patients had LNM. These data may provide a reference for pre-operative assessment and an optimal choice for EGC treatment. EGC has a better prognosis than AGC. A recently study reported that the 5-and 10-year survival rates for EGC are more than 90% and 80%, respectively [17] . The current study identified the median survival (MS) time for EGC patients as 136.445 months (95CI:128.688-144.201). Using Kaplan-Meier survival analysis, we demonstrated that vessel invasion and N staging (lymph node metastasis) are important prognostic predictors for EGC. Multiple Cox regression analysis showed that only N staging could independently predict the prognosis of EGC patients. Inconsistent with previous studies [18] , we found that N staging was the only independent prognostic factor and that tumor size, tumor cell differentiation and depth of tumor infiltration could not independently predict EGC patient prognosis. The four abovementioned clinicopathological factors correlated with LNM and therefore could not directly predict EGC prognosis. There was no significant difference in the overall survival of T1a and T1b patients (139.251 vs. 132.644). Moreover, all patients in this study underwent D1 or D2 lymph node dissection, and we found no significant differences in their survival. There was also no significant difference in the survival rates for patients who underwent lymphadenectomy (<15 or 15).
How to make the best choice among the possible treatments for EGC, including EMR/ESD [19] , laparoscopic gastrectom [20] and traditionalD1 or D2 radical resection [21] , remains debatable. Pre-operative LNM status will certainly be useful information when making a clinical decision. However, clinical risk factors can only be used to roughly evaluate the incidence of LNM. The development of accurate methods requires new biomarkers. In recent decades, several studies related to the discovery of new biomarker has been performed. Tamura Y showed that MUC4 and MUC1 were correlated with LNM and had the potential to be new markers for the prediction of LNM in EGC [22] .
Better survival depends on the early diagnosis and accurate pre-operative assessment of EGC. The results of the current study suggest that female patients with sub-mucosa invasion, tumors larger than 3 cm in diameters, poorly differentiated cells and lymphatic or blood vessel invasion are at high risk of LNM and have poor prognosis. Treatment, including surgical resection and other adjuvant therapies, should be cautiously planned, and these clinicopathological factors should be considered.
